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‘ Topics I

Inclusive D semileptonic decays (hep-ex/0604044)

Form factors, and Vg, V.4 from D — K/meTv

First measurement of form factors in D — petv

Form factors in DT — K~ ntetv (PRD 74, 052001 (2006))

First observation of rare decays DT — netv, D’ — K—ntn~etv
Data Sample: 281 pb~! at the 1(3770)

All results are preliminary except DT — K~ ntetv published

Feng Liu, Southern Methodist Univ. DPF 2006 & JPS 2006, Honolulu, Hawaii




/ ‘Why D Semileptonic Decays I

e D Semileptonic Decays and CKM matrix elements +
d Via Vs Vi d <\,
s’ — Vea Ves  Veb S C Vesa W, s(d)
v Via Vis Vi b g - ) g

e Inclusive semileptonic Decays D — XeTv

o Lepton spectra and BR's (theorectical predictions)

e Exclusive D' — K~ ety, 7 etv, etc.:

dI’ G2
= —L |ch|2p?3 ‘f—l—(q2)

@ ‘2
dg?  24m3

o Vs, Veq and form factors (test LQCD)

o /
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V5 = $(3770)

o

e large cross section (o

Advantages of DD production at the v)(3770)

p ~ 6 nb), low multiplicity (— clean events)

e Unique kinematics: separate S/B

~

03

0.2 |

0.1 : L : ’.l't:..' L
-0.2 -0.1 0 0.1
U=E (GeV)

miss Pmiss

e many systematics cancel in B (Double tag)

0.2

0.3
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/ ‘ Analysis Technique I \

e How to measure absolute 57

1. D Tagging: one D hadronic decays to tag the D semileptonic decays

My, = \/E?
> D Tag: Niag = 2NppBiag€tag { AJIZE E/D becg;;

> D Semilep: Ngiy = 2NppBBiagesig U = Fiss — Pmiss Peaks @0.

st’g/esig _ st’g
Ntag/etag Ntagesz'g/etag

= B

2. Without D Tagging: neutrino reconstruction p, = Pevt — (Pchrg + Pneu)
AFE = Epgqg + Eo + |py\ Ebveam

Mic = \/ B2, — (Bhaa + Do + Bv)’

> D reconstructed by {

> B =

2ND.D€

o /
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‘Inclusive D Semileptonic Decays I \

1630406-012

A D+
mode branching fraction 0 DO
DY — Xetv (6.464-0.174-0.13)% __D+it

E - B(D° — XeTv) | (6.1£0.2+£0.2)%

DT — XeTv (16.13£0.20+0.33)%
> B(DT — XeTv) | (15.1£0.54+0.5)%

o
N
I

e consistent with the known exclusive
modes saturating the inclusive BR's

AT(D—Xe*v)/Ap,(ps 'GeV ™)
o
I

SL BSL 4
D _ 2Dt TDY _ () 98540.028+0.015 oK

N N T
SL SL 0 0.2 0.4 0.6 0.8 1
FDO 5 po "D+ p.(GeV)

e consistent with isospin symmetry Extrapolated below p. < 0.2
. .

GeV/c.
\o hep-ex/0604044, submitted to PRL. /
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/ ‘Results of D Semileptonic Decays I \

e D Semileptonic BR's

Mode Tag (%) Untag (%) PDG'06 (%)
DV S Ketv 3.58+0.05+0.05 3.56+0.03+£0.11 3.51+0.11
D — m=eTr 0.309+0.012+0.006 0.301+£0.0114+0.010 0.28140.019
Dt — KV ty 8.86+0.17+0.20 8.75+0.13+0.30 8.6+0.5
Dt — 7Y%ty 0.397+0.027+0.028 0.383+0.025+0.016 0.44+0.07
O - T = 0 e
Ratio 15((50:172—;?) 525320353 ?Egdéo;iﬁ

CLEO-c (8.54+0.3+0.1)% 1.954+0.15+0.14 1.024+0.02+0.02
1.9940.15+0.10 1.0340.0240.04
PDG'06 3.0+0.6

e More precise results
T o
T+

e PDG'06 dominated by CLEO-c results from 56 pb~—!

o _/
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‘Comparison with Other Results I
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‘Form Factor Fits (Tagged) I \

Decay Rate for DoeKevl |Decay Rate for D+—>Ksev|
g 1t & 14¢
Q12§ 2 12F
S 10 2 10F
£ 8 2 gk
g 6t T 6F
s 4 s
2¢ 2F
0:...I...I...I...I...I...I...I...I..... 0:...I...I...I...I...I...I...I...I...
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o = o -
@ 1B @ 1F
s F s k
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e Modified pole fi(q°) = . = simple pole (a = 0).
P +4 (I—¢%/MZ, ) (1—aq®/Mporc) ple p

\o Hill series expansion (Phys. Lett. B633, 61 (2006). /

Feng Liu, Southern Methodist Univ. DPF 2006 & JPS 2006, Honolulu, Hawaii 11




o

Form Factor Fits (Untagged)
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‘Form Factor Fits (Tagged/Untagged) I

~

Mode Myoie (Tagged) Mpoe (Untagged)

D — Kev 1.964+0.03£0.01 1.9840.03+0.02
\ D — merv 1.9540.044+0.02 1.88+0.03+0.02

D”’Ke_'—v D——»j'ce‘l‘v
CLEO 1l H °
CLEOIIl H—————
FOCUS = °
FOCUS H °
BELLE - ®
BELLE H——@——H
BaBar —+—o—i—]
T d (281 pb™ —o—t
Tagged (281 pb ™) — agged (281 pb )
Untagged (281 pb™") H—e—H Untagged (281 pb™") e
17 1.75 1.8 1.85 1.9 ;.és 2 1.4 1.6 1.8 é2 2.2
Mo (GeV/c?) Mo (GeV/c?)

/
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Form Factors and Tests of LQCD

| Blue : LQCD, Green : Our fit |
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‘VGS and V_; Results I

With f. (0) from unquenched LQCD (PRL 94, 011601 (2005)) and V. f.(0)
values from fits — V., and V4

~

Mode Ver £ (stat.) £ (sys.) & (theory) PDG'06
D — nev (tagged) 0.23410.010+0.004+0.024 __ 0.230+0.011
D — mev (untagged) 0.229+0.007+0.005+0.024 0.230+0.011
D — Kev (tagged) 0.996+0.008+0.0154+0.104 0.957+0.095
D — Kev (untagged) 1.014+0.013+0.009+0.106 0.957+0.095
Expt.uncertainty Vi, < 2%,V.q < 4%, LQCD~ 10%.  |iaco]

Alternatively, V.s (W — ¢s) and Vg = —V,5 from
other experiments, we determine f,(0) (<2% for
fo(0)®, < 4% for f1(0)™) to test LQCD (~10%).
Tagged/Untagged: 40% overlap, DO NOT AVER-
AGE

Results from untagged method are about to be sub-
mitted to PRL and PRD

0.8

10 o

0.7

.75

CLEO-c 0.751

IR

CLEO-c
Untagged

o 100

Tagged JLQCD| CLEO-c

(- TETY TR FREVY VT FRTSN VTS P ROOR 0.55uulubil
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/ ‘D—>pe+ul

e Five variables: ¢?, cosfy, cosy, x and My
dQ = dq?d cos 0.d cos O.dydm(mr)
4-D (g, cos By, cosy, x) fit to data

ar B(p — 7o) 3G%|Vcd|2p 0q> BW (m(mm)) X {(1 + cos0.)? sin® 0, |Hy (¢, m(mm))|?
2 8(4m)d P ° T
+(1 — cos 0.)? sin® 0. |H_(¢°, m(7m))|? + 4sin® 0, cos® 6. |Ho(q*, m(wn))|?
+4sin 0. (1 + cos 0. ) sin O cos 0, cos xH (¢°, m(nm))Ho(q°, m(wm))
—4sin 0. (1 — cos 0.) sin O cos 0, cos xH_ (q°, m(wm))Ho(q*, m(w))
—2sin® 0, sin® 0, cos 2xH (¢°, m(wm))H_ (¢°, m(ﬁw))}
Mppv 2
Hy(q° Mp + My)A1(g%) F 2 V(q?),
+(q7) (Mp v)Ai(g™) F N+ Moy (¢7)
1 M2 p?
Ho(q") [(sz ~ My —q°) (Mp + Mv) Ai(q”) — 4 .y Az(qz)]
2MV\/Q72 P v
A1(2)(0) 2 V(0) V(0) A2(0)
A1(2)(¢%) = Vi(g®) = Ry = Ry =

Feng Liu, Southern Methodist Univ. DPF 2006 & JPS 2006, Honolulu, Hawaii 16
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e Improved BR's
B(DY) = (1.5640.1640.09) x 10~
B(DT) = (2.3240.2040.12) x 103

[ Uof D+->rhole+v |

Events / ( 0.00833333 )

‘Form Factors in D — petv I

[ 173 t15
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of-
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10—
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Events / (0.00833333)

o

$ )
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N
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0

o Ry =1.4040.25 £ 0.03,
R, =0.57+0.18 & 0.06
e First measurement of FF

Feng Liu, Southern Methodist Univ.
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dl’
d cos 0,d cos Oy dxdg2dmy
2\ __ A1(2)(0)
o A = ,
1(2)(q ) 1—q2/M?2
V(0)

( ((1 4 cos 8;) sin6v)?|H, (¢*)|*|BW|? )
+((1 — cos 6p) sin Ov)?|H_ (¢*)|*|BW|?
/|A|2dx x { 4(2sin b, cos Ov)?|Ho(q?)|?| BW|? >
+8sin? 0y cos Ov Ho (%) ho(¢?)Re{Ae " °BW}
L O(A?%)

Mppv

Hi(q®) = (MD+MV)A1(q2):F2MD—|—MV

1
2MV\/672

&S—wave ho = Hy assumed when present in K*)

V(g?),

Ho(¢®) =

Mpp
[(M%-M?/—q2)(MD+MV)A1(q2)—4 DIV
D
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Form Factors in D™ — K ntetv

3110406-003

0.0 0.2 04 0.6

\ (PRD 74 052001 (2006), two

0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

g® (GeV2 /c?)

e significant S-wave amp. confirmed (hy # 0), no evidence for d- or f-wave

sets of event selection )

_/

Feng Liu, Southern Methodist Univ.
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/ ‘Rare D Semileptonic Decays I \

D* =nype v D'—=n(nr mn%e v

g 12| peak_yield = 326+ 6.7 g 6 Epeak_weld = 13.8+ 4.0
% 105— g 51—
g s
o L=281 pb™!, all results "
. T t i
are preliminary oL A
Mode B( X 10_4) 0.3 -0.2 -0.1 ] -IJ.2I5H-‘D.Z‘H4‘J.15 -0.1 -u.us‘”-o 0.05 Oglri“i_]l.,z"[gfwcnuz.)ZS
net v 12.9+1.940.7
K_7T+7T_€+l/ 291—1?i05 D°eK1t*ne*(ve) IIIIIIIIIII D’ > K n* 1 e* (v,)
Kq(1270)eTv 22717402 o °F pa ; 2 Data
weT v 14.94+2.7+0.5 L sp FLE E N§ :'gz_ MG prodicton
' ' ' > o O g ]
netv <3 (@ CL=90%) & of 1 g
petv <2 (@ CL=90%) S af ] = o
> E S 0.8F I | E
2 2f E £ 06F | E
g it ] o 04F | E
i 1 IH Ei [l 1 1 ] 0.2;_ ), II | 1 _;
-QJ.S 0.2 -01 0 0.1 02 03 9.8 1 1.2 1. 16 1.8
MM? (GeV/c?)? M, (GeV/c?)

e first observation of ne™v and K~ 7w~ (K;y)etv

\o improved B(wetv) and ULs for n’e™v and ¢etv. /
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/ ‘ Summary I

e Precise inclusive lepton spectra
e Precise D semileptonic BR's — V., and V.4
e Precise results on D — Pe™v form factors to test LQCD

e First study of FF in D — pe™v and confirmed significant S-wave amplitude
in DT — K™ty

e Seach for new mode, first observation of ne™v and K~ 7w~ etv

e We expect further improvement with more data (750 pb~! planned).

o /
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CLEO-c

SC Quadrupole
Pylon

Quadrupoles

Rare Earth
Quadrupole

‘ CLEO-c Detector I

e CLEO-c:
Solenoid Coil ..., o B=1T;
\ Calorimeter .
Ring Imaging Cherenkov <& tracklng (93% of 47T)
\ Detector .
Drift > 16 axial, 31 stereo lay.

Chamber

oner et Chamber/ > 7, /P ~ 0.6%
o Csl (95% of 4)

S\

Echap
Calorimeter O H ad ron | D

rolopiece > €x>90% w/ few% fakes
B M
Chambers o Electron ID

> RICH+dE/dx + Csl

> op/E ~5% @ 0.1 GeV
~2.2% Q@ 1 GeV

> RICH (80% of 47)+dE /dx

/
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